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In the present paper we studied the diet of two centracanthid species, Spicara maena and S. 
smaris, in the N Aegean Sea. Overall, 282 and 118 individuals were examined, respectively. Both 
species preyed upon zooplankton, notably Copepoda (54.3 and 63.5%, respectively). S. maena 
included in its diet a wider variety of food items (36 taxa) compared to S. smaris (12 taxa). The 
individual trophic levels for both species ranged from 3.00 to 4.50 (mean values ± strandard error: 
3.21±0.058 for S. maena and 3.05±0.068 for S. smaris). Given their trophic position and local abun-
dance, they play a crucial role in the flux of energy from low to high trophic levels of the Aegean 
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INTRODuCTION
the family centracanthidae includes 2 gen-
era (Centracanthus and Spicara) and 7 species 
(FishBase: www.fishbase.org; FroeSe & Pauly, 
2012). the genus Spicara is represented in the 
Mediterranean by two species, S. maena and 
S. smaris, which are of small to medium size 
(www.fishbase.org) and economic value (SuMaI-
la et al., 2007; StergIou et al., 2011). according to 
FishBase and eSchMeyer (2012), S. flexuosa is 
considered a synonym of S. maena, yet there is 
genetic evidence that they are two separate spe-
cies (e.g. turaN, 2011; MINoS et al., 2013). their 
global fisheries production originates mostly 
from greece, where they are mainly fished in 
the waters surrounding cyclades Islands and 
their populations are fully exploited (StergIou 
et al., 2011), but it also plays important role in 
croatian coastal fisheries and as traditional food 
(e.g. DulČIĆ et al., 2000, 2003; MatIĆ-SKoKo et al., 
2011).
the biology of both species has been studied 
in the Mediterranean (e.g., S. maena: MytIlIN-
eou, 1987; DulČIĆ et al., 2000; MatIĆ-SKoKo et al., 
2004; SoyKaN et al., 2010; S. smaris: tSaNgrIDIS 
& FIlIPPouSIS, 1991; VIDalIS, 1994; ISMeN, 1995; 
DulČIĆ et al., 2003). With respect to the feeding 
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habits of S. maena, they have been studied in 
various areas of the western (gulf of lions: 
Khoury, 1984; algerian coasts: harchouche 
et al., 2009) and central Mediterranean Sea (Pat-
raikos gulf: MytIlINeou, 1987), whereas no 
such information exists for the eastern Mediter-
ranean. the diet of S. smaris has been studied 
in the gulf of Marseille (Bell & harMelIN-
VIVIeN, 1983), the cretan Sea (VIDalIS, 1994) and 
the South evvoikos gulf (PetraKIS et al., 1993).
In this paper we (a) describe the feeding hab-
its of these two species, by sex and season, in 
the North aegean Sea, greece; and (b) estimate 
fractional trophic levels (τ) for describing the 
position of these species in the Mediterranean 
food webs.
MATeRIAlS AND MeThODS
Samples were collected in the North aegean 
Sea, on a seasonal basis from June 2001 to Janu-
ary 2006, using professional fishing vessels (i.e. 
purse seiners, trawlers and small-scale gill net-
ters). Specimens caught were preserved in 10% 
formalin. In the laboratory, all specimens were 
measured (total length (tl), 0.1 cm), the diges-
tive tract was removed and the stomachs were 
isolated. Sex was also determined, by visual 
examination of the gonads. consequently, the 
vacuity coefficient (Vc) was estimated as the 
percentage of empty stomachs and the stomach 
contents were examined, by identification of 
food items to the lowest possible taxonomic 
level. Subsequently, each food category was 
weighed (0.001 g) and expressed as a percent-
age of the total stomach content (W%; hySloP, 
1980). additionally, the frequency of occurrence 
of each prey 
(Fo= 
was estimated. using the Fo and W% values, 
the costello graph (coStello, 1990) was con-
structed, in order to define the importance of 
each prey item in the diet of the two species and 
the feeding strategy (i.e. generalised preference 
or specialisation) of the two studied species 
towards prey items. More details regarding sam-
plings and stomach content analysis is presented 
in Karachle & StergIou (2008). Based on the 
W% values, τ per individual per species was 
estimated using trophlab (Pauly et al., 2000) 
and, subsequently, the mean individual τ-values 
between the two species were tested for differ-
ences using t-test (Zar, 1999).
ReSulTS AND DISCuSSION
overall, 282 individuals of S. maena and 118 
individuals of S. smaris were examined (table 
1). For S. maena, the highest Vc was recorded 
in autumn (65.1%) and the lowest one in sum-
mer (3.6%) whereas for S. smaris, the highest 
value was observed in summer (87.9%) and the 
lowest one in spring (47.1%) (table 1).
thirty six taxa were identified in the stom-
ach contents of S. maena as opposed to only 12 
taxa in S. smaris (table 1). copepoda was the 
most important food item, in terms of weight 
contribution, for both species (table 1, Fig. 1), 
and was the dominant and preferred prey for 
both species (Fig. 1). however, S. smaris also 
exhibited a specialization preying upon fish 
larvae, with the later being a rare prey (Fig. 1). 
Indeed, large quantities of fish larvae (32.1%) 
were recorded (table 1, Fig. 1) in the stomach 
content of only one female individual in spring. 
the higher diversity of taxa observed in the 
stomach contents of S. maena, combined with 
the presence of fish larvae in the stomachs of S. 
smaris, indicate that, despite the overlap of prey 
items, the two species may use the resources 
differently. Indeed, it has also been observed in 
small pelagic fishes, such as Engraulis encrasi-
colus, Sardina pilchardus and Sardinella aurita, 
preying upon the same food items, that they use 
resources differently in order to avoid competi-
tion and meet with the energetic demands of 
reproduction (Karachle & StergIou, 2014). 
yet, in the case of the species studied here, this 
hypothesis needs further investigation. 
For both species, diet in spring differed from 
that in the remaining seasons, with stomach con-
tent including high percentages of Mysidacea 
for S. maena, and fish larvae for S. smaris. In S. 
maena, in almost half of the individuals (32 out 
of 67 specimens) the percentage of Mysidacea 
in the diet was >75%, possibly reflecting high 
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abundances of this taxon in the environment. In 
S. smaris, on the other hand, this seasonal dif-
ferentiation is attributed to the presence of large 
quantities of fish larvae (32.1%) in one indi-
vidual. however, such a difference should be 
considered with caution because of the relatively 
low sample size for autumn, winter and summer 
(<33 individuals) and the large Vc in those three 
seasons (ranging from 67 to 88%) (table 1).
With respect to the differentiation of feed-
ing with sex, no differences were found in S. 
maena. In contrast, female S. smaris included 
large amounts of fish larvae (33.0%, table 1), 
which was not observed in the stomach contents 
Figure 1. costello graphs (coStello, 1990) using 
weight percentage (W%) and frequency of occurrence for 
Spicara maena (top) and Spicara smaris (bottom) from 
the Ν-ΝW aegean Sea, greece, spring 2001- winter 2006. 
aca: Acartia spp.; amp: amphipoda; app: appendicu-
laria; BFu: unidentified bony fish; cen: Centropages spp.; 
cep: cephalopoda; cha: chaetognatha; cop: copepoda; 
cru: digested crustacea; Dla: Decapoda larvae; egg: eggs; 
ela: euphaciacea larvae; err: errantia; Feg: fish eggs; Fla: 
fish larvae; het: heteropoda; Iso: Isopoda; Mpp: metazoan 
larvae of Portunus puber; Mys: Mysidacea; Nud: Nudi-
branchia; onc: Oncea spp.; oth: others; Pen: Penillia spp.; 
Pol: Polychaeta; tha: thaliacea. Fish drawings are taken 
from Fao (www.fao.org).
of males. the latter included large quantities of 
Mysidacea (28.6%, table 1), a prey item that 
was not consumed by females. again, such a 
difference is greatly affected by the strongly 
uneven sample size with sex (108 females and 
only 7 males) (table 1).
the mean (±standard error) individual τ was 
3.21±0.058 (range: 3.00-4.50) and 3.05±0.068 
(range: 3.00-4.50) for S. maena and S. smaris, 
respectively (Fig. 2). For S. maena, the majority 
(91.7%) of τ values ranged between 3.00 and 
3.50, with only 11 values (8.2%) being higher 
than 3.45 (Fig. 2). accordingly, for S. smaris 
97.8% of τ values ranged between 3.00 and 3.20, 
with only one value (2.2%) being equal to 4.50 
(Fig. 2). In the case of S. maena, the maximum 
value of 4.50 was recorded for 7 individuals, 
which consumed unidentified bony fish (table 
1). In two more cases τ values were notably 
high: the first one (τ = 4.20±0.33) was a female 
that included large quantities of cephalopods 
(77.4%) in its diet, and the second one (τ = 
3.87±0.62) was a male that preyed on almost 
equal quantities of fishes (42.4%) and other 
invertebrates (57.6%). correspondingly, for S. 
smaris, as mentioned above, only the female 
which consumed fish larvae scored the highest 
τ-value. the mean individual τ differed signifi-
cantly (p < 0.01) between the two species. Mean 
individual τ-values (Fig. 2) and overall τ (taken 
from Karachle & StergIou, 2006, 2008; table 
1) did not differ in the case of S. maena. how-
ever, there was a difference of 0.45 τ-units in 
the case of S. smaris (table 1, Fig. 2), which is 
attributed to the high contribution of fish larvae 
by one individual.
StergIou & KarPouZI (2002), in their review 
of feeding and trophic levels of Mediterranean 
fish, present five studies on the diet and estimate 
τ for the two study species (S. maena: 3.00±0.00 
(PINNegar & PoluNIN, 2000), 3.16±0.27 
(Khoury, 1984), and 3.30±0.39 (MytIlINeou, 
1987); S. smaris: 3.00±0.04 (Bell & harMelIN-
VIVIeN, 1983), and 3.10±0.35 (PetraKIS et al., 
1993). two more studies were found since the 
study of StergIou & KarPouZI (2002) (table 
2). thus, from all these 7 studies, the estimated 
τ ranged from 3.00±0.00 to 3.30 ± 0.39 for S. 
80  acta aDrIatIca, 55(1): 75 - 84, 2014
Figure 2. left: Box-whisker plots for fractional trophic level (τ), as they were estimated for each individual separately, 
for Spicara maena (top) and Spicara smaris (bottom) from the Ν-ΝW aegean Sea, greece, spring 2001- winter 2006. the 
central box indicates the range of values representing the 50% of cases around the median (vertical lines), the whiskers 
(horizontal lines) show the range of the values, and the cross (+) indicates the mean value. Right: relation of estimated 
individual fractional trophic level (τ) with individual total length (tl). Fish drawings are taken from Fao (www.fao.org).
maena, and 2.87 ± 0.31 to 3.50 ± 0.48 for S. 
smaris (table 2). Both species can be classified 
as omnivores with preference to animal material 
in all cases, with one exception for S. smaris 
(overall diet; classified as omnivore with pref-
erence to plant material) (table 2). this differ-
ence must be attributed to the fact that VIDalIS 
(1994) reports significant quantities of detritus 
and plants in the overall diet of S. smaris and, 
hence, the estimated τ was lower than that of 
other cases.
the two studied benthopelagic species are 
zooplanktivorous having τ ranging around 
3.00-3.50. they are preyed by larger demersal/
benthopelgic (e.g. Conger conger, Merluccius 
merluccius, Muraena helena, Phycis phycis, 
Scorpaena scrofa, Squalus acanthias, Urano-
scopus scaber, Zeus faber) and pelagic fishes 
(Sarda sarda) (DulČIĆ et al., 2000, 2003; FroeSe & 
Pauly, 2012; and references therein) all of which 
generally have τ>4 (StergIou et al., 2011). thus, 
given the relatively high abundance of Spicara 
spp. in greek waters (i.e. their landings amount-
ing to around 15,000 t in late 2000s: StergIou 
et al., 2011), they play a crucial role in the flux 
of energy from low to high trophic levels of the 
aegean benthic and pelagic food webs. 
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SAŽeTAK 
u ovom radu prikazani su rezultati istraživanja prehrane dviju vrsta iz porodice girovki, traglja 
Spicara maena i gire S. smaris , sa sjevernog područja egejskog mora. Istraženo je 282 jedinki traglja 
te 118 jedinki gire. obje vrste u svojoj prehrani koriste zooplankto, osobito veslonošce copepoda 
(54.3% tragalj, 63.5% gira). tragalj u svojoj prehrani koristi znatno širi raspon organizama (36 
svojti) dok gira znatno manje (12 svojti). Pojedinačna trofička razina za obje vrste se kreće od 
3.00 do 4.50 (srednja vrijednost±standardna pogreška: 3.21±0.058 za traglja i 3.05±0.068 za giru). 
glede njihove trofičke razine i lokalne brojnosti, obje vrste igraju značajnu ulogu u protoku energije 
od najnižih do najviših trofičkih razina u egejskom moru u okviru pelagijskog i bentoskog lanca 
prehrane.
Ključne riječi: probavni sustav, prehrana, trofička razina, sjeverni dio egejskog mora    
            centracanthidae, grčka
